SYNOPSIS Suspensions of polymorphonuclear leucocytes and lymphocytes were prepared from normal human blood by the glass bead column method of Rabinowitz (1964) . The alkaline phosphatase activity of the separated cells was determined by biochemical and cytochemical techniques.
Lymphocytes were found to contain an enzyme catalysing the hydrolysis of fl-glycerophosphate at alkaline pH but not of p-nitrophenylphosphate at the same pH and in the same buffer system. The alkaline phosphatase in polymorphonuclear leucocytes catalysed the hydrolysis of both substrates equally. The importance of this finding to the interpretation of clinical data is discussed.
In 1959 Meislin, Lee, and Wasserman published a correlative study, by biochemical and cytochemical methods, of leucocyte alkaline phosphatase activity in health and disease. The cytochemical technique suggested that leucocyte alkaline phosphatase activity was restricted solely to mature neutrophils. However, when the biochemical estimate was expressed in terms of these cells the correlation between the two methods was not as good as predicted. The discrepancy was most apparent in chronic lymphatic leukaemia and acute blastic leukaemia when the cytochemical method gave low 'scores' and the biochemical estimations resulted in relatively high values. Meislin et al (1959) In an attempt to clarify the issue I have compared two biochemical methods, employing different substrates, for measuring leucocyte alkaline phosphatase activity. Using suspensions of polymorphonuclear leucocytes and lymphocytes separated from normal human blood by the method of Rabinowitz (1964) , the contribution that each cell type makes to the total enzyme activity measured can be calculated.
Materials and Methods

REAGENTS
All solutions were freshly prepared from Analar grade chemicals and glass-distilled water.
CELL SUSPENSIONS
Freshly drawn venous blood was transferred to a glass tube containing preservative-free heparin (final concentration 10 units/ml blood). Sedimentation of the erythrocytes was achieved by the addition of high-molecular weight dextran (Pharmacia, mol wt 250,000). The polymorphonuclear leucocytes and lymphocytes were separated from the leucocyte-rich plasma by the glass bead column method of Rabinowitz (1964) . The column wash-out solutions he describes were used in this work. Cytochemical method Slides for the cytochemical determinations were prepared from smears of the cell suspensions, air-dried and fixed in 10 % formol-methanol. The azo-dye coupling technique described by Hayhoe and Quaglino (1958) with methyl green as counterstain was used. The slides were examined by a technician experienced in this method for estimating leucocyte alkaline phosphatase activity clinically.
Biochemical methods
The leucocyte alkaline phosphatase activity of aliquots (0-1-0-2 ml) of the cell suspensions was estimated by two techniques. With the method of Valentine and Beck (1951) 0-026M sodium P-glycerophosphate, in 0-04M barbitone-HCI buffer at pH 10-0, was used as substrate. Following enzymic hydrolysis the liberated phosphate was estimated spectrophotometrically by the method of King and Wootton (1959) . Leucocyte alkaline phosphatase activity was expressed as mgP/1010 leucocytes/hour. Utilizing the method originally described by Bessey, Lowry, and Brock (1946) , 5 5 mM sodium p-nitrophenylphosphate, in 0-05M glycine -NaOH buffer at pH 10 5, was used as substrate. After the incubation period the yellow colour of p-nitrophenol at alkaline pH was estimated spectrophotometrically. Since a single atom of phosphorus is liberated from the substrate for each molecule of p-nitrophenol the results could be converted into the same units as for the glycerophosphate method. In both procedures leucocyte alkaline phosphatase activity was always measured in duplicate. The precision of both methods was similar: the mean difference between duplicates ± SD (n = 20) was 3-1 % ± 1-4% for the glycerophosphate method and 2-8 % ± -1 % for the p-nitrophenol method. For polymorphonuclear leucocytes 13-5, 23-2, 53.5, 23 5, 28-0 (mean value 28 4); for lymphocytes 2-9, 5-2, 9-2, 4-6, 5-3 (mean value 5 4); for unseparated cells 9-2, 16 5, 35-8, 18-4, 19-3 (mean value 19 8).
It was found that leucocyte alkaline phosphatase activity is not changed significantly by column separation and the assumption that the enzyme activities of the two cell types are additive appears to be valid. The values for the leucocyte suspensions are in agreement with those of Valentine and Beck (1951) . The data suggest that lymphocytes possess some alkaline phosphatase activity (about one-fifth that of polymorphonuclear leucocytes). The observed activity of lymphocytes is not due to the erythrocytes present in the suspension; pure suspensions of red cells were devoid of activity when examined. The possibility that the increase in orthophosphate during incubation does not result from enzymic hydrolysis of ,B-glycerophosphate was also considered. When the lymphocytesuspensions were incubated with saline in place of the substrate in the reaction mixture there was no detectable production of orthophosphate (Park, 1968) . It is thus reasonable to suggest that lymphocytes do possess an enzyme capable of catalysing the alkaline hydrolysis of fl-glycerophosphate.
CYTOCHEMICAL DETERMINATIONS
Representative smears of the cell suspensions used in the glycerophosphate method were examined cytochemically. Alkaline phosphatase activity was confined to the mature neutrophils in all cases; the lymphocytes were uniformly negative. On each occasion the cells were morphologically normal.
THE P-NITROPHENOL METHOD
Samples from 12 donors were examined and the following results (in mgP/1010 cells/hour) obtained: for polymorphonuclear leucocytes mean value 28-8 (range 13-9-403) and for lymphocytes no significant activity. For unseparated leucocytes the mean value was 16 4 (range 8-3-22 7). These results contrast with the data from the other biochemical method. Lymphocytes apparently have no alkaline phosphatase activity although the results for both polymorphonuclear and unseparated leucocytes are normal.
The two biochemical methods differ not only in substrate but also in buffer system. Glycine is known to inhibit serum alkaline phosphatase activity, at least in high concentrations (Hausamen, Helger, Rick, and Gross, 1966 Table I .
It is apparent that lymphocytes contain an enzyme capable of catalysing the hydrolysis of ,-glycerophosphate at alkaline pH but not of p-nitrophenylphosphate at the same pH and in the same buffer system. The leucocyte alkaline phosphatase activity of polymorphonuclear leucocytes is the same whichever substrate-buffer system is used, suggesting that this enzyme shows no substrate specificity. In addition to normal cells blood from two patients with chronic lymphatic leukaemia was examined (Table) . In both cases the lymphocytes contained an enzyme catalysing the alkaline hydrolysis of ,B-glycerophosphate. There appears, therefore, to be no difference between normal and leukaemic lymphocytes in this respect.
Discussion
The work reported in this paper suggests that mature neutrophils are not the sole source of alkaline phosphatase in blood cells and that nongranulocytes can contribute significantly to the total enzyme activity measured. In addition, it has been shown that there are certain differences between the polymorphonuclear leucocyte and the lymphocyte enzyme.
Cytochemical detection of alkaline phosphatase using sodium ot-naphthyl phosphate as substrate suggests that the enzyme is restricted to the mature neutrophils. Various biochemical techniques show, however, that lymphocytes apparently contain small but significant amounts of an enzyme catalysing the hydrolysis of ,-glycerophosphate at alkaline pH but not of p-nitrophenylphosphate at the same pH and in the same buffer system. The failure to detect enzyme activity cytochemically using ,-glycerophosphate as substrate (Meislin et al, 1959) is puzzling, and one must assume either that the enzyme is insufficiently concentrated or that the process of drying and preparing the smears removes it. The alkaline phosphatase of polymorphonuclear leucocytes-the 'classical' leucocyte alkaline phosphatase-does not show substrate specificity and estimates by both biochemical techniques are in good agreement. It is thus unlikely that the enzyme activity in lymphocytes is a procedural artefact or that it reflects errors in the method. Tietz, Woodrow, and Woodrow (1966) compared the methods of Bodansky (using ,Bglycerophosphate) and of Bessey et al (1946) (using p-nitrophenylphosphate) for estimating serum alkaline phosphatase activity. They concluded that there was only an approximate relationship between the values obtained by both methods and that it is invalid to use a factor to convert units of one method into units of the other. Tietz et al attributed the lack of correlation to the different substrate specificities of the various phosphatases in serum. Robinson, Pierce, Goldstein, and Rosse (1966) have examined leucocyte alkaline phosphatase isozymes by starch-gel electrophoresis and found three bands in the normal. Leucocyte alkaline phosphatase is thus not a single protein but is composed of at least three with different electrophoretic mobilities. Whetherthese isoenzymes have different substrate specificities, as is the case with serum alkaline phosphatase, has not been established. The electrophoretic pattern ofextracts of pure suspensions of polymorphonuclear leucocytes and lymphocytes is also unknown.
If one defines alkaline phosphatase as an enzyme catalysing the hydrolysis of a phosphomonoester at alkaline pH then there certainly seems to be evidence, from this work, that lymphocytes possess such an enzyme. Although the amount of enzyme in the lymphocyte is small compared with that in the neutrophil, lymphocytes will contribute significantly to the total enzyme activity measured with sodium ,-glycerophosphate as substrate. Since the activity is so low the failure to detect it cytochemically probably results from insufficient localization of the enzyme within the cell.
The observation that the lymphocytes of chronic lymphatic leukaemia also possess alkaline phosphatase activity is of considerable interest. Only two patients, both being successfully managed with chlorambucil, wereexamined; a more extensive study is clearly indicated.
The assumption that mature neutrophils are the only source of alkaline phosphatase in blood cells is based on cytochemistry; evidence of a non-granulocytic source, as presented here, became possible as the result of the successful separation of normal polymorponuclear leucocytes from normal lymphocytes. In a leucocyte suspension consisting of 60% polymorphonuclear leucocytes and 40% lymphocytes the contribution by the latter cells to the total enzyme activity will only be 10 to 15%. This contribution will, however, be very much higher when lymphocytes form the bulk of the population. Thus in chronic lymphatic leukaemia with a differential of 20% polymorphonuclear leucocytes: 80% lymphocytes the contribution will be approximately 50%. Obviously the method of Valentine and Beck is unsuited for estimations of the leucocyte alkaline phosphatase activity of neutrophils under these circumstances.
